Massive multiple input multiple output (MIMO) is proposed to increase network capacity and reduce power consumption in next generation of wireless networks. In this paper, power allocation in the massive multiple input multiple output (MIMO) cellular networks is studied. Considering circuit power consumption, energy efficiency is utilized to evaluate the network performance, since circuit power consumption increases by increasing both the number of antenna in transmitter and the number of network users. To optimize transmit power of the network, an energy efficient optimization problem is considered under both maximum transmit power and quality of service (QoS) constraints. Where the users cooperate with the base station (BS) to minimize network power usage. To solve the problem, an energy efficient power allocation algorithm is proposed. Convergence of the proposed algorithm is shown numerically, in addition, the appropriate number of transmit antenna and users are obtained. Finally, pilot contamination effect is evaluated, where it is shown energy efficiency decreases dramatically.
I. INTRODUCTION
Cellular network traffic is increased greatly todays, due to rapid growth of smart terminal usage and high data rate requirements services [1] - [2] . In order to increase the spectral and energy efficiency up to around ten times massive multiple input multiple output (MIMO) is proposed in the next generation of wireless networks. Massive MIMO means using large number of transmit antenna (about one hundred antenna) and can enhance spectral efficiency and reliability [3] - [4] .
With a large number of transmit antenna, massive MIMO can focus energy at desired point and increase spectral efficiency but circuit power consumption, which connected to the number of antenna, also increased. To achieve maximum energy efficiency, unlimited number of transmit antenna is optimal
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if circuit power consumption is not considered [5] . Hence to evaluate network energy efficiency, which is throughput to power consumption ratio, circuit power consumption should be taken into account.
Energy efficient resource allocation is one of open problems in wireless system design, wich is considered in [6] - [16] . In [6] - [8] authors try to maximize the energy efficiency but circuit power consumption is ignored; Also in [9] authors assume a constant circuit power consumption.
From another point of view, QoS plays an important role in wireless system resource allocation; for example, satisfying QoS constraint in addition to providing a roughly fair network leads a practical network. No QoS constraint is considered in [8] - [13] . In [6] and [12] - [15] , authors assume that the number of transmit antenna is very greater than users, which is impractical assumption. In this paper, we try to make this assumption practical, we consider any number of transmit antenna and users. In [16] authors consider imperfect channel state information (CSI), but in system design, they utilize estimated channel and real channel together; which appears they have a design error.
To obtain channel state information (CSI), The base stations (BSs) use time division duplexing (TDD) protocol as shown in Fig. 1 . As the protocol shows, users send a pilot sequence after their data to the BS. The BS estimates the users' channel using the received pilot and sends the channel data back to users. Note that in spite of the pilots are sent in the same bandwidth, but they must be orthogonal to data; hence this is not the perfect CSI. Due to resource limitation, it is not possible for all users in all cells to have orthogonal pilots, therefore each pilot is reused by users of the neighbor cells, this creates pilot contamination. Pilot contamination leads to imprecisely channel estimation which reduces system performance [17] . Pilot contamination in [9] and [12] - [15] is not considered too.
In this paper, we investigate energy efficient power allocation in a cellular network with large number of transmit antenna (massive MIMO), that users cooperate with their BS. We consider energy efficiency as users' utility where overall transmit power in a cell is limited. In addition, a minimum data rate should be provided for each user. We utilize the fractional programming technique to solve the problem, since the energy efficiency objective function is a fractional function. We assume cooperation between users and their BS, and found a closed form for optimal transmit power of users. The algorithm of cooperative energy efficient power allocation is given in Algorithm 1. We extend the problem to multi cell case under pilot contamination. Finally, the convergence of the proposed algorithm is investigated by simulation. In addition, we explore pilot contamination effect on energy efficiency.
The remainder of this paper is organized as follows. In Section II the system model is presented.
In Section III the energy efficient optimization problem is formulated. The solution for the problem is presented in Section IV. In section V our scenario extended to multi cell case. Numerical results are described in Section VI followed by conclusion in Section VII.
K × K matrix. N (0, σ 2 ) denotes a Gaussian probability density function with zero mean and variance σ 2 . The received signal by user i can be expressed as
Where p k is transmit power of user k which is an element of transmit power vector
x k is transmission symbol for user k with x k 2 = 1 which is assumed that transmission symbols are uncorrelated among different users, n i is additive noise with CN (0, σ 2 ) distribution and w l ∈ C M ×1 is beamforming vector for lth user, by maximum ratio transmission (MRT) beamforming we have
The received signal by user i can be written as
Equation (3) is the summation of three parts: desired signal, interference and noise. According to (3),
Where σ 2 is noise power on the channel of user i. The instantaneous data rate for user i can be written as following
Where B is bandwidth and Γ i is SINR gap between Shannon channel capacity and a practical modulation and coding scheme. This SINR gap is equal to −2 3 ln(5ei) that e k is target bit error rate [18] .
III. PROBLEM STATEMENT

A. Energy Efficiency
Power consumption in the network includes transmit power and power consumed in the circuits.
Circuit power consumption in BS has two parts: constant part P fix involved site cooling, transmitting filter, converter and local oscillator; and variable part, P a , is the power to run an antenna. If circuit power consumption of each user is displayed with P ue , the power consumption P can be defined as
According to [19] and [20] the energy efficiency η in communication system calculated in bit/Joule and is the ratio of total rate to power consumption which can be formulated as the following
B. Optimization Problem
According to above discussion, the goal of the network is to maximize the energy efficiency (7) under maximum power and minimum data rate constraints, i.e. following problem
Therefore, the network should allocate transmit power to each users such that maximize the energy efficiency. In (8), constraint C1 is the power constraint where P max is total maximum transmit power, and constraint C2 shows minimum data rate R min that must be provided for each user.
IV. SOLVING THE PROBLEM
There are two main challenges in (8) : the problem has fractional form and (7) is not concave. To solve the problem (8), we transform the the objective function of (8) 
According to Theorem 1, the problem (8) is transformed to following problem.
To solve (8), we solve (9) iteratively. We propose to solve problem (9) with a specific value of energy efficiency η and obtain users transmit power p t1 for iteration t 1 ; and then compute A =
If A is zero, η is optimal energy efficiency and p t1 is optimal transmit power; otherwise energy efficiency with p t1 is computed and then p t1 is used in (9) and solve the problem again until A goes to zero.
To address non-concavity of the objective function of (8), we propose to relax the objective function by the following lower bound [22] .
Where a i and b i are auxiliary multiplicative and additive variables for user i. Equation (10) means utilizinĝ
as the objective function. The variable of problem p is changed top = ln p. Therefore we have the following problem.
Since log-sum-exp is concave [23] , The problem (11) is a convex optimization problem. In order to solve (9), we solve (11) iteratively until transmit power converged; also a i and b i are updated in each iteration by obtained transmit power from current iteration with following equation.
Since the problem (11) is a convex optimization problem, dual Lagrangian function is utilized to solve that. Let λ and φ Lagrange multiplier corresponding to maximum transmit power and minimum data rate constraint, the dual Lagrangian function of (11) can be written as following [23] .
Optimal transmit power can be obtained by the Karush Kuhn Tucker (KKT) conditions as following
According to (14) , optimal transmit power for user i can be obtained as following.
Where I k is interference plus noise suffered by user k. In this paper cooperating of users with BS is considered such as they measure interference I k and feed back to BS. I k can be calculated as
By the subgradient method the Lagrange multipliers can be updated as following.
Where t 3 is iteration index for Lagrange multipliers update also γ φ and γ λ are step size for φ and λ respectively. Algorithm for cooperative energy efficient power allocation is presented in Algorithm 1.
V. EXTENSION TO MULTI CELL CASE
In this section, the single cell scenario in Section II is extended to multi cell case, where each cell has K users and all users operate in a single frequency. Pilot contamination and estimate channel with least square (LS) method is considered in multi cell case as in [24] . As previous section optimal transmit power for user m in cell j can be obtained as following
Where z lk = w jmĝjlk 2 α lk (λ lk + 1),ĝ jlk shows estimated channel between user k in cell l and jth BS, I lk is interference plus noise that measured by users and send for corresponding BSs, α lk is SCA multiplicative variable, λ lk is Lagrange multiplier corresponding to minimum data rate constraint and w lk is beamforming vector for user k in cell l, respectively. Also, L shows the number of cells, φ j is the Lagrange multiplier corresponds to maximum transmit power in cell j and η is network energy efficiency.
The method to solve the optimization problem is given in the appendix A.
Algorithm 1 Energy Efficient Cooperative Power Allocation
1: Initialize convergence tolerance and initialize arbitrary η(t 1 ) = 0, con = 0 and Dinkelbach algorithm iteration index t 1 = 1 2: repeat 3: initialize with a feasiblep t2 , Set a l (t 2 ) = 1, Compute the optimal power transmitp t2+1 according to (15) 10:
Update φ and λ l according to (17) and (18) 11:
until Convergence of λ l and φ
13:
Compute sinr l (p t2+1 ) and update a l (t 2 + 1) and b l (t 2 + 1) 14:
until convergence ofp 16: if K l=1r l (P(t 2 + 1)) − η(t 1 )P(p t2+1 ) ≤ then 17: Set con = 1
18:
Return η(t 1 ) as optimal energy efficiency andp 19: as optimal transmit power 20:
Set con = 0 22:
24: until con = 1 
VI. ANALYSIS AND SIMULATION RESULTS
In this section, we evaluate cooperative energy efficient power allocation in algorithm 1. Simulation parameters are given in Table I . First, the convergence of the Algorithm 1 is shown. Fig. 2 shows the convergence of algorithm 1 when number of antennas M = 100 and number of users K = 5, as it can be seen, the algorithm converges in three iterations.
In fig. 3 energy efficiency versus number of transmit antenna M is shown for K = 5; which is a concave curve. When the number of transmit antennas increase, the performance of beamforming gets better; therefor SINR and data rate grow. On the other hand, circuit power consumption increased when M increased. In figure 2 , first, increasing of data rate overcome circuit power consumption but increasing number of antenna leads circuit power consumption overcome data rate increases.
To consider the effect the number of users, energy efficiency in terms of the number of users is depicted in fig. 4 . It can be seen that firstly, energy efficiency increased but by increasing the number of users near to number of antenna energy efficiency start decreasing. this is due to inter user interference increasing. 
VII. CONCLUSION
In this paper, a cooperative energy efficient power allocation algorithm for downlink massive MIMO system is proposed. Based on cooperation between users and BS, a closed form for optimal transmit power is found and an algorithm is proposed. Simulation results show convergence of the proposed algorithm. 
where 
Therefore the transmission rate for the same user can be formulated as follows.
r jm = B log 2 (1 + Γsinr jm )
Finally, the energy efficiency of the network can be expressed as
where P c l is circuit power consumption in cell l and P is L × K transmit power matrix, the energy efficiency maximization problem can be expressed as 
where γ λ and γ φ are step size and t 3 is Lagrange iteration index.
